Objective: A systematic review was conducted to address this clinical question: Does consumption of (non-dairy) sugar-containing beverages (SCBs) among children under age 12 result in excess weight gain? Methods: The authors searched four databases for controlled trials (randomized and non-randomized) and cohort studies published in English through March 29, 2016: PubMed, EMBASE, Cochrane Database of Systematic Reviews, CINAHL. Initial and full-text screening, data abstraction, and risk of bias assessment were performed independently and in duplicate. Results: Thirty-eight studies met inclusion criteria for this systematic review. One was a randomized controlled trial, and 37 were cohort studies. Though the results of these studies were mixed, the majority demonstrated a statistically significant positive association between SCB consumption in children under age 12 and total adiposity and central adiposity. In contrast, most studies that assessed 100 percent fruit juice consumption only with either total adiposity or central adiposity did not support an association. Among only children under age 5 at baseline, no studies examined central adiposity, but nearly all studies examining SCBs and total adiposity, and a majority examining only fruit juice consumption, demonstrated a statistically significant positive association. Conclusion: Our results support a statistically significant positive association between SCBs and total and central adiposity among children under age 12. This association is most consistent for total adiposity among children <5. Our results for 100 percent fruit juice only suggest differences by age, as most studies among those < 12 were negative but most among those <5 were positive.
Centers for Disease Control and Prevention, the World Health Organization, and the American Heart Association all advise that added sugar consumption be limited (5, 6) . Multiple systematic reviews have concluded that there is a positive association between SSB consumption and increased obesity risk, but the studies included in these reviews were done primarily among adolescents and adults (7, 8) . Adolescent dietary behaviors may dramatically change as a result of increased peer influences and decrease of parental influences, thus there remains uncertainty on the association between SSB and obesity in children under 12. Furthermore, Robert Wood Johnson Foundation obesity-related goals include ensuring that all children enter kindergarten at a healthy weight and eliminate the consumption of SSBs among 0-5 year olds.
Research examining the association between SSB consumption and obesity risk have primarily used total adiposity, which is relatively easy to assess using body mass index (BMI), as their outcome of interest. While less commonly studied, body fat distribution, specifically fat distributed centrally, is also of interest given the role that body fat distribution plays in increasing metabolic risk (9) (10) (11) (12) . The results of some studies suggest that SSB consumption may increase central adiposity (9) , although no systematic reviews have been done to assess the totality of this evidence.
While SSB consumption begins for many children before they reach their first birthday, 100 percent fruit juice is more commonly consumed among young children (13) . Given the similarity in nutrient content between 100 percent fruit juice and SSBs, both of which are composed primarily of sugar and water, concerns have also been raised about children's risk of obesity associated with 100 percent fruit juice consumption (14). Few studies, and no systematic reviews, have examined the association between the fruit juice consumption and obesity among young children.
Several possible mechanisms have been proposed to explain a possible association between obesity and consumption of SSBs and 100 percent fruit juice, collectively referred to as sugar-containing beverages (SCBs). Some proposed mechanisms include those that involve mediation by total energy intake. The presence of sugar may increase the palatability of foods and contribute to overriding normal satiety signals, leading to overconsumption of calories (15) . Similarly, the results of several studies suggest that there is incomplete compensation for calories consumed in beverages versus foods, leading to excess intake (16) (17) (18) . Other hypothesized mechanisms include those that do not involve mediation by total energy and are specific to the metabolic features of the sugars (glucose and fructose) consumed in most SCBs. Glucose intake elicits an insulin response that may, with chronic high intake, lead to insulin resistance and a tendency toward the storage rather than burning of excess calories (18, 19) .
Fructose, conversely, does not result in an insulin response. The metabolism of fructose, which is largely unregulated, occurs almost exclusively in the liver where, with high consumption, fat may accumulate, leading to increased insulin resistance and obesity (20) .
The purpose of this review was to evaluate the available evidence examining the longitudinal association between adiposity and the consumption of SCBs (SSBs and 100 percent fruit juice), and between adiposity and the consumption of only 100 percent fruit juices among children under age 12.
Methods
A systematic review was conducted according to the PRISMA Guidelines (21) to address this clinical question: Does consumption of sugar-containing beverages among children under age 12 result in excess weight gain? The study protocol was determined a priori. The following databases were searched for articles through March 29, 2016 : PubMed, EMBASE, Cochrane Database of Systematic Reviews, CINAHL and the NIH Reporter. Search terms included "sugar-sweetened beverages," "naturally sweet beverages," "caloric sweetener," "juice," "fruit drinks," "soda," "pop," "soda pop," "ades," "punches," "soft drink," "sports drink," "energy drinks," "tea," "coffee," "obesity," "weight gain," "overweight," "BMI," "adiposity," "waist circumference," and "central adiposity." See Appendix 1 for the full search strategy. This systematic review examined two different exposures. The first exposure was SCBs, which include all sugarsweetened (non-dairy) beverages and 100 percent fruit juice. The specific beverages included varied widely between studies. A detailed listing of the beverages included can be found in Table 1 . The second exposure was 100 percent fruit juice only. As per the definition used by the US Food and Drug Administration, we assumed that reports of "fruit juice" consumption meant 100 percent fruit juice unless otherwise specified (22) .
Inclusion criteria were:
• Exposure: caloric (non-dairy) SCB • Outcome: change in total or central adiposity • Subjects under age 12 at baseline • English language • Cohort or controlled clinical trials (randomized and non-randomized) Exclusion criteria were:
• Studies examining beverages sweetened with noncaloric sweeteners • Studies examining dairy beverages (flavored or unflavored milk and yogurt drinks) • Cross sectional and case-control designs Initial screening by title and abstract and full-text screening were performed in duplicate by teams, with each team screening half of the studies. Discrepancies were reviewed by a member of the opposite team, with additional discussion if necessary. Hand searching included screening other systematic reviews addressing the same topic as well as reference lists of included studies (7, 8, (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) .
Data abstraction and critical appraisal of included studies were likewise performed in duplicate by teams, with discrepancies addressed in the same manner. In abstracting the data, we identified the analyses that evaluated the association between SCB exposure at one of more time points and change in total and/or central adiposity. For studies with multiple time points, data from the longest time point were abstracted. For studies that examined more than one exposure dosage or frequency, the results for the greatest amount/ frequency were included. For studies that reported on multiple relevant outcomes, an a priori decision was made to include data from one of the outcomes only based on the following hierarchy for total adiposity measures: BMI z-scores (BMIz), BMI, percentage of body fat, weight change, incidence of obesity, incidence of overweight, prevalence of obesity, prevalence of overweight, and on the following hierarchy for central adiposity measures: waist circumference, weight to hip ratio. When all results for the same exposure and outcome analysis were presented stratified by subgroup (e.g., weight status at baseline), only results for the subgroup with the largest sample size were included in the review. We recorded all of the covariates that were included in that analysis. Data from separate publications that used the same cohort but evaluated different exposures or different outcomes were included as separate studies.
The Cochrane protocol randomized controlled trial (RCT) risk of bias assessment (37) and a modified version of the Critical Appraisal Skills Programme (CASP) were used for Cohort study risk of bias assessment (38) . The selected CASP critical appraisal questions, and rating criteria, were used (Appendix 2). Studies were judged for overall risk of bias based on the following criteria: Meta-analyses were planned to be performed whenever possible, both overall and by subgroup. Subgroups identified for separate analyses were age (0-less than 5 and 5-12 years), adiposity (total and central), SCBs (fruit juice only), total energy (adjustment and no-adjustment), and study design (cohort and controlled trials).
Results
The outcomes of the literature search are described in Figure  1 . After duplicates were removed, 2,887 citations were screened in two phases. In the first phase, screening of titles and abstracts yielded 124 citations for full-text review. In the second phase, full-text versions of these studies were screened. Eighty-six citations were excluded (Appendix 3). Thirty-eight citations met the inclusion criteria for this systematic review, of which 34 were cohort studies (12, , One was an RCT (71) , and 3 were controlled clinical trials where data from the various groups were the study authors combined groups for analysis as a cohort study (72) (73) (74) .
Some of the studies included in this systematic reviewed performed analyses of different exposures and/or outcomes of interest using the same data set, such as Bigornia et al. (53), and Wheaton et al. (66) . Study characteristics for each included study were abstracted (Table 1) . Fifteen studies were judged to be at low risk of bias, 15 at moderate risk of bias, and 8 at high risk of bias (Appendices 4A and 4B).
Due to methodological heterogeneity in terms of study designs, exposures and exposure measures, populations, analysis designs, outcome measures, and covariates, metaanalyses could not be performed. Thus, this review relied on "vote counting," a means of using the presence or absence of statistically significant results, to summarize the available evidence (75) . In cases where the analysis was repeated with or without controlling for total energy, the results for that study were considered positive if either of the analysis demonstrated a statistically significant finding using a P-value P < 0.05 or confidence interval for a relative risk or odds ratio that did not include 1 or a b coefficient that did not include 0. In addition, in the two cases where 10 or more studies were available that examined the same exposure (SCBs or fruit juice only) and outcome (total or central adiposity), we conducted a two-tailed sign test to assess the weight of the evidence of an any effect in either direction (75, 76) . In these cases, if results varied across multiple analyses, the findings relevant to the most commonly consumed beverage or the largest subsample were considered.
Association between SCB consumption and total adiposity in children under age 12
All studies
Thirty-one studies addressed the association between SCB consumption and total adiposity in children under age 12 at baseline (Table 2A) . Among these, 19 studies demonstrated a statistically significant positive association (either with or without control for total energy intake, or both) between SCB consumption in children under age 12 at baseline and total adiposity. Twenty-nine of these 31 studies did not control for total energy in their analysis, 17 (59 percent) of which demonstrated a statistically significant positive association. Among the 13 studies that controlled for total energy intake, the association was significant in 6 studies (46 percent). The results of the two-tailed sign test for these studies, which takes into account the direction of the association regardless of whether the results were statistically significant, were 23 studies with a positive association, 7 with a negative association, and one tie, P 5 0.0052 (two-tailed).
Studies with change-over-change analyses
Seven studies used a study design that allowed for the evaluation of the change in SCB consumption and change in total adiposity over the same time period. Of these, 4 out of 7 studies (57 percent) demonstrated a statistically significant positive association between change in SCB consumption and change in adiposity (46, 47, 54, 61) . Out of the 24 studies that did not conduct a change-over-change analysis, 15 demonstrated (63 percent) a statistically significant positive association between change in SCB consumption and change in adiposity (12, 48, 50, 52, 53, 60, 62, 63, (66) (67) (68) 71, 72, 77, 78) . Table 2B summarizes the frequency of the included studies with a positive association between SCB consumption and total adiposity, considering risk of bias assessment and study design features that could potentially be biasing or confounding the results.
Association between SCB consumption and central adiposity in children under age 12
Six studies assessed the association between SCB consumption and central adiposity in children under age 12 (Table  3A) . Five out of 6 studies that were uncontrolled for total energy had a statistically significant result demonstrating a positive association. Two of these studies also controlled for total energy intake. In one of these (47), the results remained significant when controlling for total energy, and in the other the association was no longer significant when total energy was included in the model (P 5 0.07) (65) . Figure 1 Literature search results. PubMed, EMBASE, Cochrane Database of Systematic Reviews, CINAHL, and NIH Reporter were searched through March 29, 2016 . 2887 unique citations were screened in duplicate in two phases. The first phase screen of title and abstract yielded 125 citations, and the second phase screen of full text yielded 38 citations that met the inclusion criteria for this systematic review. *SCB, sugar containing beverages (sugar sweetened beverages and 100 percent fruit juice). Sex, maternal smoking during pregnancy, physical activity, birthweight, income level, n of overweight parents, consumption of fruits and vegetables, grain products, milk products, meat and alternatives.
Feng 2016
Change in BMI percentile with daily SCB intake ß 5 20.00 (SE 5 0.03) P-value NS Group membership, parents' education and acculturation, family income, family meals, child gender and age at baseline, child fast food intake and daily TV time, home availability of SSBs. Fiorito 2009 *BMI percentile positively associated with higher SCB consumption P < 0.05 *Increased % body fat (0. 18) with SCB consumption P < 0.05
Gender, sex, physical activity were controlled in the study, but not in the relevant analysis.
J Adjusted for age, sex, and energy, as well as sociodemographic variables ethnicity, residence, level of poverty, maternal education, and birthweight includes non-100% fruit drinks (e.g., lemonade, fruit punch).
Pan 2014 *Odds of incident obesity associated with consumption of three or Adjusting for child's gender, child's birthweight, age at solid food introduction, breastfeeding A systematic review of SBCs and weight gain in children J. Frantsve-Hawley et al.
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Studies with change-over-change analyses
Only one study evaluated change in SCB consumption and change in central adiposity over the same time period in children under age 12, and that study demonstrated a statistically significant positive association (47) . Table 3B summarizes the frequency of the included studies with a positive association between SCB consumption and central adiposity, considering risk of bias assessment and study design features that could potentially be biasing or confounding the results.
Association between fruit juice consumption and total adiposity in children under age 12
Fifteen studies addressed the association between fruit juice exposure and total adiposity in children under age 12 (Table  4A ). Five out of 11 studies that were uncontrolled for total energy demonstrated a statistically significant positive association. None of the eight studies that were controlled for total energy had statistically significant results. The results of the two-tailed sign test for the 15 studies were 12 with a statistically significant positive association and 3 with a negative association, P 5 0.0352 (two tailed).
Change over change analyses
Four studies evaluated change in fruit juice consumption and change in total adiposity over the same time period in children under age 12. One found an association between change in juice consumption and change in adiposity (46) , and 3 found no association (9, 54, 61) . Among the 11 studies that did not address change over change, 4 demonstrated an association between central adiposity and SCB consumption (49, 55, 59, 72) . Table 4B summarizes the frequency of the included studies with a positive association between fruit juice consumption and total adiposity, considering risk of bias assessment and study design features that could potentially be biasing or confounding the results.
Association between fruit juice consumption and central adiposity in children under age 12
Two studies addressed the association between fruit juice consumption and central adiposity in children under age 12, and neither found an association (Table 5 ). Both studies presented data both controlled and not controlled for total energy and demonstrated concordance among both models and total adiposity. Association between SCB or juice consumption and total and central adiposity in children under age 5
Eleven studies evaluated total adiposity, with five having SCBs as the exposure, five having only juice as the exposure, and one having both (Table 6A and 6B). None of these studies evaluated central adiposity. Five out of six studies that addressed SCB exposure and total adiposity and were uncontrolled for total energy demonstrated a statistically significant positive association (Table 6A) . One of these studies (Du Bois et al.) (47) demonstrated that the positive association remained and another (Weijs et al.) (66) that the association Fat spread, nuts, coated poultry, potato chips, coated fish, processed meats, uncoated fish, French fries and roasted potatoes, meats, uncoated poultry, canned fruit, eggs, desserts and sweets, full-fat milk, low-fat milk, sugar-sweetened beverages (SSBs), fruit, potatoes not cooked in oil, juices, diet soda, vegetables, yogurt, cheese, refined grains, non-high-fiber breakfast cereal, whole grains, high fiber cereal. Adjusted for maternal age, education, prepregnancy BMI, household income, and child age, sex, race/ethnicity, and weightfor-length z-score at age 1 year, juice and water intake at age 1. Calorie intake at age 3 years added to energy adjusted model.
StriegelMoore 2006
D BMI with each 100 g/day of fruit juice b 5 0.005 (SE 5 0.007) P-value not stated Site, race, intake of calories, other beverages.
Welsh 2005
Odds ratio (OR) of incident obesity among those normal weight at baseline with 1-<2, 2-<3, and 3 versus <1 serving fruit juice/day, OR no longer reached statistical significance when the analysis was also controlled for total energy. Three of the four studies that addressed fruit juice exposure and total adiposity and were uncontrolled for total energy demonstrated a statistically significant positive association (Table  6B ). One out of three studies that addressed fruit juice exposure and total adiposity and were controlled for total energy demonstrated a statistically significant positive association. Table 6C summarizes the results of the analyses of all studies that demonstrated a statistically significant positive association between SCB or fruit juice consumption and central adiposity in children under age 5 stratified by study design features that could potentially be biasing or confounding the results.
Discussion
The general trend of the evidence supports the results of previous reviews among older children and adults and suggests that SCB consumption is associated with total and central adiposity in children under age 12. The majority of studies examining fruit juice consumption and total adiposity demonstrated a statistically significant positive association only in studies among young children, those under age 5. No evidence is available to assess the impact on central adiposity in this age group. Among children under age 12, the majority of studies did not demonstrate a statistically significant positive association with fruit juice consumption. However, results of the two-tailed sign, which takes into account the direction of the association regardless of whether the results were statistically significant, suggests that there may be an association between fruit juice consumption and total adiposity in children under age 12.
Due to substantial methodological heterogeneity in the included studies (study design, age group, exposure, outcome measurements, covariates, statistical analyses) meta-analyses could not be performed. Therefore, our systematic review relied on a count of studies with positive versus negative results. While this is a methodological weakness given that statistical significance is used to define "positive" and "negative" studies and differential weights for each study is not taken into account, Cochrane guidelines acknowledge that such vote counting is necessary in instances where standard meta-analytical methods cannot be performed (75) .
Another limitation was the inclusion of only studies published in English. This decision was made due to difficulty in screening and assessing non-English publications. We were also not able to assess publication bias because of the essentially qualitative nature of this systematic review. However, it is reassuring that multiple studies both supporting and not supporting an association between SBC and obesity were identified. Another limitation is sample size variability in the included studies, as studies with very large sample size could have statistically significant results that are not clinically relevant. We were not able to evaluate clinically relevant effect sizes since a meta-analysis was not possible. Finally, we included only the results of the main analysis from each study. Results of analyses that were further stratified by baseline weight were not included, and it is possible that SCB consumption may have greater impact on those with different weight and obesity status at baseline. The highest level of evidence that could be anticipated for our clinical question is a double blinded RCT. Only one such study met the inclusion criteria for this systematic review (71) . While this RCT was nearly 2 years in duration, due to limitations related to sample selection and lack of blinding of participants, it was judged to be at high risk of bias. Even though the majority of studies included in this systematic review received a moderate risk of bias, the studies varied greatly, with differences in methodology such that metaanalysis was not feasible. Another weakness was that several studies evaluated exposure during either one or multiple observations at baseline, with some assuming that the exposure level extended for the duration of the study and others calculating an average exposure from longitudinal observations. Because of these concerns, our confidence in the synthesis of the available evidence is low. Given the increase in prevalence of obesity among children and the increase in SCB consumption, the dearth of quality evidence highlights the need for further research using comparable methods.
In addition to exposure determination, several methodological factors could potentially influence the results of the included studies, such as number of subjects, location (United States versus non-United States), risk of bias, subjects' ages, duration of the study, and length of follow-up. There was substantial variation in the definitions of SCB used between studies as well as variation in the dietary-assessment methods used. Additionally, almost all of included studies were retrospective and had small numbers of subjects in the cohort used for the analysis compared to the original cohort. The majority of studies did not control for the three priority factors likely to influence the results: age, sex, and physical activity level.
We evaluated the hypothesis that an association with central adiposity is more likely to be seen than with total adiposity. However, we did not find this to be the case. Among the six studies that evaluated both central and total adiposity with either SCB or fruit juice, all had complete concordance among the results. Three of the SCB studies demonstrated an association with total and central adiposity (47, 49, 71) , where as one did not (45) . The two studies that analyzed both total and central adiposity for fruit juice did not demonstrate associations (55, 64) .
We also evaluated the role of total energy intake as a possible meditator in the association between SCB or 100 percent fruit juice consumption and adiposity by comparing the likelihood of positive results among studies that controlled for total energy compared to those that did not. Regardless of the beverage type, or the measure of adiposity, we found that studies were more likely to be positive when not controlled (48, 67) for total energy than when they were. This suggests that total calorie intake does play a role in increasing the risk of obesity associated with sugary beverage consumption. Given the small magnitude of effect in the studies that did demonstrate a statistically significant positive association, their clinical relevance is unclear. These results may be an underestimation of a true effect due to difficultly in measuring the exposure and the outcome or due to confounding not adequately addressed in the analysis. It is also possible that these results represent the true effect and that, within the range of usual consumption of children at this age, the effect of SCBs is minimal.
There are several published systematic reviews that address the association of the consumption of SCBs, sometimes defined as SSBs or nutritively sweetened beverages, and adiposity in children and adults (7, 8, (24) (25) (26) (27) 29, 30, (34) (35) (36) . None of these systematic reviews addressed children under age 12 specifically, but some did address children and adolescents of varying age ranges. Overall, the conclusions of the systematic reviews varied, with five systematic reviews concluding that there is an association between SCB consumption and total adiposity measures (8, 9, 27, 30, 34) , four systematic reviews that found conflicting evidence or could not come to a conclusion (24, 25, 29, 34) , and two systematic reviews that found no association (35, 36) .
The Gibson (24) systematic review examining the etiology of SSB consumption in promoting excess body weight in adults or children found that about half of the studies found a statistically significant positive association between SSB consumption and BMI, weight, adiposity, or weight gain, but most studies suggested that the effect of SSB consumption is small except in susceptible individuals or at high levels of consumption. The Perez-Morales et al. (29) systematic review specifically focused on SSB consumption before age 6, and concluded that there was an overall trend of an association between SSB consumption before age 6 and increased weight, BMI, or waist circumference, but with overall inconsistent results. The Trumbo (34) systematic review concluded that the results from observational studies that were adjusted for energy intake and physical activity were inconsistent, and evidence for an association between SSB consumption intake obesity risk was inconsistent when adjustment for energy balance was made.
Keller et al. (25) conducted a synthesis of systematic reviews and found that, although the majority of systematic reviews demonstrate an association between SSB consumption and weight gain and obesity, more recent and wellconducted meta-analyses had discrepant results.
Two systematic reviews with meta-analyses of RCTs have been conducted, neither of which demonstrated an association between SCB consumption and adiposity (35, 36) . Forshee et al. (35) concluded that the association between SCB consumption and BMI was near zero, but the results had high heterogeneity, and there were concerns about publication bias, with those studies that do not show a statistically significant result being less likely to be published. Mattes et al. (36) concluded that suggestive, but not conclusive, evidence demonstrate that SCB consumption may contribute to obesity. The results of our systematic review are consistent with this body of evidence.
Conclusion
The evidence suggests that the consumption of SCBs or fruit juice only among children under age 5 is positively associated with total adiposity. For children under age 12, the evidence for SCB is more mixed, but still suggests a possible association with total adiposity and a strong association with central adiposity. The majority of evidence for fruit juice does not suggest an association with either. Due to the variable quality evidence, the mixed results, and small magnitude of effect, robust high-quality RCTs could significantly alter these conclusions. Further research using more consistent exposure and outcome methods and more robust study designs are needed to extend and validate the conclusions of this review.
